For centuries, St. John's Wort (Hypericum perforatum) has been used to treat wounds, burns, skin conditions, inflammation and depression [1] . In recent years, a growing number of studies of several species of the genus Hypericum (Clusiaceae), including H. perforatum, have identified a diverse array of bioactive natural products, showing anticancer [1] , antibacterial [1] , anti-HIV [2] , antioxidant [3] and anti-inflammatory [4] activities. In a continuing effort to find bioactive natural products from Hypericum species growing in Pennsylvania [5] , we have examined the acetone extract of the aerial parts of H. ellipticum Hook. Herein we report the isolation and spectroscopic characterization of a new benzophenone O-glucoside, 3'-O-β-D-3'',4'',6''-triacetylglucopyranosyl-2,4,5',6tetrahydroxybenzophenone 1, together with catechin and epicatechin. Benzophenone O-glycosides appear to be rare in plants, and so far have been identified in only one other Hypericum species, H. annulatum [6, 7] . Compound 1 was evaluated for antiproliferative activity against human tumor cell lines, inhibition of COX-1 and COX-2 enzymes and inhibition of lipid peroxidation. Purification of the acetone extract of the aerial parts of H. ellipticum Hook afforded compound 1 as a yellow oil. The molecular formula was deduced to be C 25 H 26 O 14 based on HR-TOF-MS. The IR spectrum showed peaks corresponding to hydroxyl (3420 cm -1 ) and carbonyl (1652 and 1634 cm -1 ) groups.
The 1 H and 13 C NMR data (methanol-d 4 ) (Table 1) suggest the presence of a symmetrically substituted aromatic ring A, with two sets of overlapping carbon signals at 162.3 and 94.5 ppm, and a 2H singlet at 5.84 ppm in the proton spectrum. These data were confirmed by HMQC and HMBC spectra that gave direct and long-range correlations between the carbon at 94.5 ppm and the proton at 5.84 ppm, indicating the likelihood of two separate protons in a meta relationship (Table 1, Figure 1 ). When the 1 H NMR data were acquired in DMSO-d 6 , singlets were observed at 9.84, 9.75 and 9.69 ppm, attributed to hydroxyl protons. The 2,4,6-trioxygenated pattern on ring A was confirmed by HMBC correlations between the hydrogen bonded hydroxyl proton at 9.84 ppm and carbons 1, 2 and 6. This was further corroborated by UV spectroscopic data, which showed a bathochromic shift of a band at 307 nm on compound treatment with AlCl 3 (+27 nm), indicating the presence of a phenolic hydroxyl group in a 1,3-relationship with the benzophenone carbonyl carbon [8] .
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The 1 H NMR spectrum displayed three additional signals in the aromatic region. The multiplicity and coupling constant of 1.8 Hz for each proton revealed that the protons had a meta relationship to each other (6.83 d, 6.72 d, 6.65 dd). The benzophenone carbonyl at 198.6 ppm showed HMBC cross peaks to the protons at 6.83 and 6.72 ppm, establishing that the carbonyl group was attached to an aromatic ring, and that these two protons occupied the 2' and 6' positions, placing the third proton at the 4' position.
The placement of oxygenated functionalities at positions 3' and 5' was based on their deshielded 13 C chemical shift values (157.8 and 158.1 ppm) and HMBC cross correlations to the aromatic protons at C-2', C-4' and C-6'.
The 13 C NMR data further indicated a glucose residue (62.1, 68.8, 71.5, 71.6, 74.9, 100.8 ppm). Owing to the overlapping signals for two sets of carbons in ring A, the most likely point of attachment for the glucose residue was on the B ring and this was confirmed by HMBC correlation between C-3' (157.8 ppm) and the anomeric proton (5.02 ppm). The coupling constant of 8.1 Hz, representing an axial-axial coupling, supported a β-glucosidic linkage [9] . The assignments of the protons on the glucose core were based on HMQC, HMBC and 1 H-1 H COSY correlations. The placement of the acetyl groups was based on HMBC correlations between the acetyl carbonyls and the 3'', 4'' and 6'' protons of the glucose ring. Compound 1 was identified as 3'-O-β-D-3',4',6'-triacetylglucopyranosyl-2,4,5',6tetrahydroxybenzophenone.
As previously stated, benzophenone O-glycosides have only been reported from a few plants. The oxygenation pattern observed for compound 1 has previously been found in Hypericum annulatum [7] and Garcinia pedunculata [10] .
Using a test concentration of 25 μg/mL, compound 1 was evaluated for in vitro cell proliferation inhibitory activity against human CNS (SF-268), breast (MCF-7), lung (NCI H460), stomach (AGS) and colon (HCT-116) tumor cell lines; antioxidant activity in the lipid peroxidation (LPO) assay and inhibition of cyclooxygenase (COX-1 and -2) enzymes. The compound was inactive against all cell lines, except for SF-268 with a 73% inhibition. Adriamycin was used as positive control at 1.6 µg/mL and the inhibitions obtained were between 50-80% for all the cell lines tested. The compound exhibited 61% inhibition of lipid peroxidation, but minimal activity against the cyclooxygenase enzymes.
Experimental
General experimental procedures: Optical rotations were determined using a Rudolph Research Analytical AUTOPOL III polarimeter. UV data were obtained via a Varian Cary 4000 UV-VIS spectrophotometer. FTIR data were acquired with a Nicolet Magna IR 560 spectrometer. NMR spectra Acetylated benzophenone glucoside from Hypericum ellipticum Natural Product Communications Vol. 4 (4) 2009 509 were recorded on a JEOL ECP 400 MHz spectrometer ( 1 H, 400 MHz; 13 C, 100 MHz) using methanol-d 4 and DMSO-d 6 as solvent and TMS as internal standard. Gradient COSY, HMQC and HMBC data were obtained using standard pulse programs. MS analyses were carried out by direct infusion on a Q-Star Elite (Applied Biosystems MDS) mass spectrometer equipped with a Turbo Ionspray source and coupled to an HP 1100 series HPLC system consisting of an autosampler/injector, quaternary pump, and diode array (DAD) detector. HPLC was performed using a Waters Delta 600 preparative system equipped with a Waters 2487 dual wavelength absorbance detector. Column chromatography was performed using Fisher Scientific silica gel (230-400 mesh), and analytical TLC was performed using Sigma-Aldrich polyester backed plates precoated with silica gel UV 254 . Organic solvents were HPLC grade and were obtained from Fisher Scientific. The water used for HPLC was obtained from a Barnstead Nanopure Infinity Ultrapure purification system. 
Extraction and Isolation:
The plant material was oven dried (38˚C) and ground to a fine powder in a coffee grinder. The plant material (109 g) was then extracted by percolation overnight with acetone (3 × 600 mL) and methanol (3 × 600 mL) successively. The solvents were removed in vacuo to afford 9.3 g and 21.5 g of the acetone and methanol extracts, respectively. The acetone extract (9.0 g) was fractionated by column chromatography.
The fractions were eluted using an acetone-hexanes solvent gradient (5-100%), followed by 100% methanol to afford fractions A1-A12. Fraction A9 (1.05 g), eluted with 60% acetone-hexanes, was chromatographed using ethyl acetate-hexanes (65-100%), followed by methanol to afford fractions B1-B11. Fraction B4 (54 mg) was purified by silica gel chromatography eluting successively with 60%, 65%, 75% and 100% ethyl acetate-hexanes, followed by methanol to afford compound 1 (19.4 mg, 0.018%). Fraction B5 (398 mg) was purified by HPLC using an Atlantis dC18 column (19 × 150 mm; 5 μm; Waters) with isocratic elution (70% watermethanol; flow 15 mL/min) to afford catechin (17.3 mg, 0.016%) and epicatechin (13.8 mg, 0.013%). The NMR data of catechin and epicatechin were consistent with those reported in the literature [11, 12] . The LPO inhibitory activity of catechins has been reported [13] and hence their biological activities were not evaluated in this study. Biological assays: Antitumor, cyclooxygenase and antioxidant in vitro activities were performed according to published procedures [14] .
